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Abstract
The use of some anti-hypertensive drugs in the current COVID-19 pandemic has 
become controversial. This study investigated possible relationships between anti-
hypertensive medications use and COVID-19 infection risk in the ambulatory hyper-
tensive population. This is a population-based retrospective cohort study involving 
34 936 hypertensive adults >50 years in Tarragona (Southern Catalonia, Spain) 
who were retrospectively followed through pandemic period (from 01/03/2020 to 
30/04/2020). Two data sets including demographic/clinical characteristics (comor-
bidities and cardiovascular medications use) and laboratory PCR codes for COVID-
19 were linked to construct an anonymized research database. Cox regression was 
used to calculate multivariable hazard ratios (HRs) and estimate the risk of suffering 
COVID-19 infection. Across study period, 205 PCR-confirmed COVID-19 cases were 
observed, which means an overall incidence of 586.8 cases per 100 000 persons-
period. In multivariable analyses, only age (HR: 1.03; 95% CI: 1.02-1.05; P < .001) and 
nursing home residence (HR: 19.60; 95% CI: 13.80-27.84; P < .001) appeared sig-
nificantly associated with increased risk of COVID-19. Considering anti-hypertensive 
drugs, receiving diuretics (HR: 1.22; 95% CI: 0.90-1.67; P = .205), calcium channel 
blockers (HR: 1.29; 95%CI: 0.91-1.82; P = .148), beta-blockers (HR: 0.97; 95% CI: 
0.68-1.37; P = .844), and angiotensin-converting enzyme inhibitors (HR: 0.83; 95% 
CI: 0.61-1.13; P = .238) did not significantly alter the risk of PCR-confirmed COVID-
19, whereas receiving angiotensin II receptor blockers was associated with an al-
most statistically significant reduction risk (HR: 0.67; 95% CI: 0.44-1.01; P = .054). 
In conclusion, our data support that receiving renin-angiotensin-aldosterone system 
inhibitors does not predispose for suffering COVID-19 infection in ambulatory hy-
pertensive people. Conversely, receiving angiotensin II receptor blockers could be 
related with a reduced risk.
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1  | INTRODUC TION

At present, despite enormous efforts worldwide focused on the 
current COVID-19 global pandemic, available clinical data on this 
concern are limited.1 Most available clinical information is hospi-
tal-based data derived from severe cases,2,3 but there is scarce pop-
ulation or community-based data involving a wide representative 
sample of infected people.

There is general accordance considering several pre-existing 
conditions (ie, cardiovascular or respiratory diseases, diabetes, 
and obesity) as major risk conditions related with poor outcomes 
(need of hospitalization/ICU admission or death) in COVID-19 
patients.2,3

Considering hypertension, which is the most common comor-
bidity in middle-aged and older adults (who suffer the greatest 
burden of fatal COVID-19 cases), a possible beneficial/harm effect 
using some first-line anti-hypertensive medications such as angio-
tensin-converting enzyme inhibitors (ACEIs) and/or angiotensin II 
receptor blockers (ARBs) has become controversial for the manage-
ment of hypertensive patients in the current COVID-19 pandemic 
period.4,5,6

Since ACE2 was identified as functional receptors to SARS-
CoV-2,7 it has been speculated that renin-angiotensin-aldosterone 
system (RAAS) inhibition could increase ACE2 expression and, 
thus, ACEIs/ARBs might be harmful in patients with COVID-19.4,5,6 
However, most recent publications have not found evidence of harm 
with the continued use of RAAS inhibitors.8,9,10 Of note, while some 
studies have examined the relationship between the ambulatory use 
of RAAS inhibitors and severe outcomes (hospital or ICU admission 
or death),8,9,10 there is less evidence about the association with mild 
outcomes (such as COVID-19 cases not requiring hospital admission).

In this context, the present study’s aim was to investigate pop-
ulation-based incidence and risk of suffering COVID-19 infection 
in a large and representative cohort (population-based) including 
34 936 ambulatory adults >50 years with hypertension, evaluating 
incidence and risk according to distinct anti-hypertensive drugs use 
and concomitant comorbidities/underlying conditions.

2  | METHODS

2.1 | Design, setting, and study population

This is a retrospective cohort study including 34 936 individuals 
≥50 years old with clinical diagnosis of hypertension in the region of 
Tarragona (a residential-industrial urban area in Southern Catalonia, 
Spain, with an overall population of 210 672 all-age inhabitants). 
Study subjects were all persons >50 years old registered in the 12 
participant primary care centers (PCCs) managed by the Institut 
Català de la Salut (ICS) in the study area (Tarragonès, Alt Camp and 
Conca de Barberà counties) who had an ICD-10 diagnosis code for 
hypertension (I10, I11, I12, or I15) coded in their electronic PCC clini-
cal record before study started (01/03/2020). In the study region, 

there are 16 PCCs overall. Of them, 12 PCCs (those included in this 
study) are managed by the ICS, whereas the remaining 4 PCCs are 
managed by other providers and were not included in the present 
study. Reference laboratory and hospital for the 12 participating 
PCCs are the Hospital Universitari Joan XXIII and its Microbiological 
Service. Of note, in the Spanish Health System almost all inhabit-
ants (near 98%) are affiliated to a PCC. Therefore, this study cohort 
represents the vast majority of hypertensive inhabitants in the study 
area.

Cohort members were followed from 01/03/2020 (the start of 
the epidemic period in the study area) until the occurrence of any 
study event (COVID-19 diagnosis) or until the end of follow-up on 
30/04/2020. The study was approved by the ethical committee of 
the Institution (ethics committee IDIAP Jordi Gol, Barcelona, file 
20/065-PCV) and was conducted in accordance with the general 
principles for observational studies.11

2.2 | Data sources

The pre-existing CAPAMIS Research Database, an institutional clini-
cal research database previously used for other cohort studies in the 
study area,12 was updated for use as the main data source in this 
COVID-19 epidemiological investigation. This research database 
compiles data from the institutional PCCs’ clinical records system 
in the study area (working since the 2000s), including administrative 
data and clinical information coded according to the International 
Classification of Diseases 10th Revision (ICD-10). It was used to 
identify cohort members, to establish baseline sociodemographi-
cal characteristics, comorbidities, underlying conditions, and ac-
tive medications among study subjects at the start of the study 
(01/03/2020).

When the COVID-19 pandemic period started in the study area, 
two electronic alerts including COVID-19’s laboratory registries plus 
ICD-10 codes for COVID-19 suspicion (B34.2: unspecified corona-
virus infection; B97.29: Other coronavirus as the cause of diseases 
classified elsewhere) were added to the electronic PCCs clinical re-
cords system and later both data sources were linked to construct an 
anonymized research database used for this report (which includes 
data from 1st March to 30 April 2020).

2.3 | Outcomes

Primary outcome was the occurrence of laboratory-confirmed 
COVID-19 infection (ie, patients with a positive test for SARS-CoV-2 
RT by PCR). For descriptive analysis, we also reported laboratory-
excluded COVID-19 cases (PCR performed with a negative result) 
and presumptive cases (persons with clinical suspicion without PCR 
being performed).

For laboratory diagnosis of COVID-19 by RT-PCR, guidelines from 
the Health Department of the Generalitat de Catalunya were fol-
lowed.13 Briefly, from the samples collected by nasal and pharyngeal 
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swab with transport medium for viruses and refrigerated at 4°C for 
a maximum of 48 hours, the RT-PCR technique Cobas© SARS-CoV-2 
with CE-FDA marking was performed.14 At the time of the study, the 
availability of PCR testing was scarce in the study region and PCR 
tests were mainly prioritized for severe case patients admitted to 
hospital and nursing home residences (where several outbreaks oc-
curred). Whereas less PCR test was performed among possible cases 
managed as outpatient. Laboratory-excluded cases (PCR tested with 
negative result) included persons with initial clinical suspicion (com-
patible symptomatology) but also asymptomatic persons with a his-
tory of contact with a PCR-confirmed COVID-19 case.

2.4 | Covariates

Baseline characteristics of cohort members (age, sex, residence 
[community-dwelling/nursing home], presence of pre-existing 
comorbidities and medications) were established according to 
data registered in the electronic PCCs clinical records system on 
01/03/2020.

The following comorbidities/underlying conditions were con-
sidered: neurological disease (including dementia and stroke), renal 
disease (including chronic renal failure), cancer (solid organ or he-
matological neoplasia diagnosed in the previous 5 years), systemic 
autoimmune rheumatic diseases (including rheumatoid arthritis and 
lupus), chronic respiratory disease (including chronic bronchitis/
emphysema and asthma), heart disease (including congestive heart 
failure, coronary artery disease and other cardiopathies), atrial fibril-
lation, liver disease (including chronic hepatitis and cirrhosis), diabe-
tes mellitus, hypercholesterolemia, obesity, and smoking.

Active medication treatments, coded according to the 
Anatomical, Therapeutic, and Chemical classification system (ATC) 
of the World Health Organization15 were identified from the patient 
treatment plan registered in the PCC’s clinical records system, and 
included the following therapeutic groups: anti-hypertensive (di-
uretics, beta-blockers, calcium channel blockers, ACEIs, and ARBs), 
statins, anticoagulants (warfarin and new oral anticoagulant drugs), 
antiplatelet drugs, antidiabetic drugs (insulin, oral antidiabetic drugs), 
antineoplastic agents, corticosteroids, non-steroidal anti-inflamma-
tory drugs, inhaled drugs for respiratory disease, antihistamines, 
proton-pump inhibitors, and benzodiazepines. A comorbidity and/
or medication was considered absent if it was not recorded in the 
electronic PCC’s clinical record (see Table S1).

2.5 | Statistical analyses

Incidence rates (IRs) of PCR-confirmed COVID-19 were calculated 
per 100 000 person-period (8.7 weeks). Age-adjusted IRs were cal-
culated by the standardized direct method (using the age-structure 
of the Tarragona population as reference). In bivariate analyses, 
baseline characteristics of suffering or not a PCR-confirmed COVID-
19 infection were compared using Chi-squared or Fisher’s test as 

appropriate. Cox regression models (including all above mentioned 
covariates: age, sex, residence, pre-existing comorbidities and medi-
cations use) were constructed to calculate unadjusted and multivar-
iable-adjusted hazard ratios (HRs) and estimate the risk of suffering 
COVID-19 infection.16 We performed a main analysis including the 
total study cohort (N = 34 936) and two subgroup analyses fo-
cused on community-dwelling individuals (N = 33 991) and nursing 
home residents (N = 945). Statistical significance was set at P < .05 
(two-tailed). Data were performed by using IBM SPSS Statistics for 
Windows, version 24 (IBM Corp., Armonk, N.Y., USA).

3  | RESULTS

Of the 34 936 hypertensive cohort members, 48.1% were men and 
mean age was 70.9 years (standard deviation: 11.3). Overall, 5173 
(14.8%) did not receive any anti-hypertensive drugs, 17 711 (50.7%) 
received one, 8904 (25.5%) two, 2820 (8.1%) three, and 328 (0.9%) 
four.

Across the study period, 855 cohort members were PCR tested. 
Of them, 650 (76%) presented a negative result and 205 (24%) a pos-
itive result. Additionally, 137 study subjects were coded as presump-
tive COVID-19 cases (clinical suspicion without PCR performed) 
(Table 1).

Of the 205 PCR-confirmed COVID-19 cases, 83 (40.5%) occurred 
in men. By age, 23 (11.2%) occurred in 50-64 years, 54 (26.3%) in 
65-79 years, and 128 (62.4%) in people aged 80 years or older. By 
residence, 102 (49.8%) occurred in community-dwelling individuals 
and 103 (50.2%) in nursing home residents. This means an over-
all IR of 586.8 PCR-confirmed COVID-19 cases per 100 000 per-
sons-period (195.9 in 50-64 years vs 355.2 in 65-79 years vs 1601.4 
in 80 years or older; 493.9 in men vs 672.9 in women; 300.1 in com-
munity-dwelling vs 10 899.5 in nursing home residents). According 
to the number of concomitant comorbidities (apart from hyper-
tension), crude IRs were 428.5, 457.7, 603.6, 659.5, and 1189.1 for 
persons with zero, one, two, three, and four or more comorbidities, 
respectively.

The most prevalent co-existing comorbidities among the 205 
hypertensive patients with COVID-19 were chronic heart disease 
(41.5%) and hypercholesterolemia (41.5%) followed by diabetes 
(33.7%), obesity (32.2%), and neurological disease (21.5%).

Table 2 shows study population, number of cases, and specific 
IRs (unadjusted and age-adjusted) by distinct comorbidities and 
medications’ use.

Considering anti-hypertensive medication use, greater incidence 
rates (age-adjusted) appeared among those receiving diuretics 
(674.2), calcium channel blockers (579.9), and beta-blockers (502.1), 
whereas lower incidence appeared among those receiving ACEIs 
(401.7) and ARBs (325.1). Figure 1 shows Kaplan-Meier curves 
showing survival time free of COVID-19 in patients with and without 
use of ARBs (P = .006 in Log Rank [Mantel-Cox] test).

Table 3 shows univariate and multivariate analyses assessing risk 
for suffering COVID-19 by underlying conditions and medications 
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use in the total study cohort. In the multivariable analysis, only age 
(HR: 1.03; 95% CI: 1.02-1.05; P < .001), and nursing home residence 
(HR: 19.60; 95% CI: 13.80-27.84; p < .001) were significantly as-
sociated with an increased risk of COVID-19. Considering anti-hy-
pertensive drugs, receiving diuretics (HR: 1.22; 95% CI: 0.90-1.67; 
P = .205), calcium channel blockers (HR: 1.29; 95%CI: 0.91-1.82; 
P = .148), beta-blockers (HR: 0.97; 95% CI: 0.68-1.37; P = .844), 
and angiotensin-converting enzyme inhibitors (HR: 0.83; 95% CI: 
0.61-1.13; P = .238) did not significantly alter the risk of COVID-19, 
whereas receiving angiotensin II receptor blockers was associated 
with an almost statistically significant reduction risk (HR: 0.67; 95% 
CI: 0.44-1.01; P = .054). No other cardiovascular medications were 
associated with increased or decreased adjusted risk for suffering 
COVID-19 in the total study cohort.

In subgroup analysis restricted to community-dwelling hyper-
tensive people, 523 people were PCR tested. Of them, 421 (80.5%) 
presented a negative result and 102 (19.5%) a positive result. In the 
multivariable analysis, chronic respiratory disease (HR: 2.47; 95% 
CI: 1.25-4.87; P = .009) was the unique concomitant comorbidity 
that emerged associated with a significant increased risk for suf-
fering COVID-19. Receiving ARBs emerged also at decreased risk 
but the result did not reach statistical significance (HR: 0.71; 95% 

CI: 0.42-1.19; P = .189). Receiving other anti-hypertensive drugs or 
other medications did not significantly alter the risk for suffering 
COVID-19 neither (see Table S2).

In subgroup analysis restricted to 945 nursing home residents 
with hypertension (Table S3), a total of 332 persons were PCR 
tested. Of them, 229 were excluded by a PCR negative result and 
103 were PCR-confirmed COVID-19 cases. In the multivariable anal-
ysis, receiving ARBs appeared also associated with an almost signifi-
cant reduction risk (HR: 0.51; 95% CI: 0.25-1.01; P = .053).

4  | DISCUSSION

We constructed a rapid population-based retrospective cohort 
study to explore possible protective/harm effects of pre-existing 
medical conditions (including common comorbidities and medica-
tions use) among middle-aged and older adults with hypertension in 
Tarragona (Southern Catalonia, Spain), a region with an intermedi-
ate intensity of COVID-19 pandemic across March-April 2020.17 The 
study provides unusual population-based incidence and multivaria-
ble-adjusted data involving the general adult population ≥50 years 
with diagnosis of hypertension. Recognizing several limitations (as 

Characteristic

Study population 
(N = 34 936)
n (%)

PCR positive 
(N = 205)
n (%)

PCR negative 
(N = 650)
n (%)

P 
value

Age <.001

50-54 y 2993 (8.6) 9 (4.4) 28 (4.3)

55-59 y 4044 (11.6) 8 (3.9) 42 (6.5)

60-64 y 4697 (13.4) 6 (2.9) 55 (8.5)

65-69 y 4994 (14.3) 9 (4.4) 47 (7.2)

70-74 y 5483 (15.7) 12 (5.9) 56 (8.6)

75-79 y 4732 (13.5) 33 (16.1) 98 (15.1)

80-84 y 3406 (9.7) 27 (13.2) 105 (16.2)

85-89 y 2872 (8.2) 44 (21.5) 104 (16.0)

≥90 y 1715 (4.9) 57 (27.8) 115 (17.7)

Sex .618

Men 16805 (48.1) 83 (40.5) 276 (42.5)

Women 18131 (51.9) 122 (59.5) 374 (57.5)

Community-
dwelling

33991 (97.3) 102 (49.8) 421 (64.8) <.001

Nursing home 
residence

945 (2.7) 103 (50.2) 229 (35.2)

Nº comorbidities .276

0 7235 (20.7) 31 (15.1) 94 (14.5)

1 10705 (30.6) 49 (23.9) 125 (19.2)

2 8780 (25.1) 53 (25.9) 177 (27.2)

3 4852 (13.9) 32 (15.6) 116 (17.8)

4 or more 3364 (9.6) 40 (19.5) 138 (21.2)

Note:: P values were calculated by using Pearson’s Chi square test for categorical variables (sex and 
residence) or Chi square trend for ordinal variables (age and number of comorbidities).

TA B L E  1   Distribution of laboratory-
confirmed and laboratory-excluded 
COVID-19 cases according to baseline 
demographical and clinical characteristics 
in the study cohort (N = 34 936)
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discussed below), data may conform an acceptable basis in assessing 
potential health benefits/harms using common anti-hypertensive 
and cardiovascular medications in relation to the current COVID-19 
pandemic.

During the study period, more than 2% of overall cohort mem-
bers were PCR tested (with 205 positive and 650 negative results). 
Assuming these data and considering that PCR tests were scarcely 
available in the study area for patients with less severe symptoms, 

TA B L E  2   Absolute number of cases and incidence rates for PCR-confirmed COVID-19 cases according to baseline demographical and 
clinical characteristics in the total study cohort (N = 34 936)

Characteristic

Study population 
(N = 34 936)
n (%)

PCR-confirmed COVID-19 cases (n = 205)

No. of cases
n (%) P value

Incidence Rates

Crude Age-adjusted

Sex

Men 16805 (48.1) 83 (40.5) .029 493.9 449.5

Women 18131 (51.9) 122 (59.5) 672.9 457.3

Community-dwelling 33991 (97.3) 102 (49.8) <.001 300.1 272.5

Nursing home residence 945 (2.7) 103 (50.2) 10899.5 4227.5

Neurological disease 1686 (4.8) 44 (21.5) <.001 2609.8 934.5

Renal disease 3938 (11.3) 39 (19.0) <.001 990.4 942.2

Cancer in past 5 y 3851 (11.0) 31 (15.1) .060 805.0 617.6

Rheumatic disease 461 (1.3) 2 (1.0) .665 433.8 522.9

Respiratory disease 4128 (11.8) 42 (20.5) <.001 1017.4 757.3

Cardiac disease 10097 (28.9) 85 (41.5) <.001 841.8 545.5

Atrial fibrillation 2960 (8.5) 36 (17.6) <.001 1216.2 679.9

Liver disease 638 (1.8) 3 (1.5) .697 470.2 401.9

Hypercholesterolemia 16522 (47.3) 85 (41.5) .094 541.5 390.2

Diabetes 9829 (28.1) 69 (33.7) .078 702.0 508.2

Smoking 4473 (12.8) 12 (5.9) .003 268.3 564.1

Obesity 14416 (41.3) 66 (32.2) .008 457.8 396.2

Diuretics 7495 (21.5) 81 (39.5) <.001 1080.7 674.2

Beta-blockers 7723 (22.1) 48 (23.4) .651 621.5 502.1

ACEIs 15332 (43.9) 77 (37.6) .067 502.2 401.7

ARBs 8541 (24.4) 33 (16.1) .005 386.4 325.1

Calcium channel 
blockers

6201 (17.7) 44 (21.5) .163 709.6 579.9

Statins 11328 (32.4) 44 (21.5) .001 388.4 342.0

Insulin 2330 (6.7) 23 (11.2) .009 987.1 920.1

Oral antidiabetic 7943 (22.7) 41 (20.0) .349 516.2 373.5

Warfarin 1788 (5.1) 18 (8.8) .017 1006.7 1065.2

New oral anticoagulant 1233 (3.5) 12 (5.9) .070 973.2 466.9

Antiplatelet drugs 6779 (19.4) 55 (26.8) .007 811.3 517.2

Inhaled respiratory 
therapy

3728 (10.7) 38 (18.5) <.001 1019.3 706.8

Antineoplastic agents 859 (2.5) 7 (3.4) .375 814.9 681.6

Corticosteroids 780 (2.2) 3 (1.5) .455 384.6 524.5

NSADs 1650 (4.7) 4 (2.0) .061 242.4 234.8

Benzodiazepines 7471 (21.4) 57 (27.8) .025 763.0 482.9

Antihistamines 1579 (4.5) 3 (1.5) .035 190.0 148.3

Proton-Pump Inhibitors 11807 (33.8) 99 (48.3) <.001 838.5 541.2

Note:: Incidence was calculated per 100,000 persons-period (8.7 wk).
Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; NSADs, non-steroidal anti-inflammatory drugs.
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the true incidence of COVID-19 was logically underestimated (al-
though it may be selectively more or less underestimated depending 
on the distinct subgroups). Nevertheless, considering the relatively 
low number of presumptive cases (clinical suspicion alone without 
PCR performed), our data also suggest that the overall number of 
the infected population (definitive plus presumptive) may be consid-
erably lower than speculated.17

In this study, crude incidence rates by concomitant comorbidi-
ties largely reflect the excess baseline-risk profile related with the 
great number of cases observed among elderly persons and, espe-
cially, nursing home residents (where several outbreaks occurred 
and accounted for approximately fifty percent of overall COVID-19 
cases). The greater number of cases observed among elderly persons 
may be also related with the fact that this age group usually suffers 
from the more severe forms and therefore was more tested than 
younger individuals. A similar interpretation may be also applied to 
the great number of cases observed among persons with multiple 
comorbidities.

Considering anti-hypertensive medications use, greater COVID-
19 incidence (crude and age-adjusted) appeared among those receiv-
ing diuretics or calcium channel blockers, whereas lower incidence 
appeared among those receiving ACEIs and ARBs (who suffered the 
lowest COVID-19 incidence).

After multivariable adjustments, apart from nursing home resi-
dence and increasing age (which increased approximately a 3% for 
each year the risk of PCR-confirmed COVID-19), only concomitant 
chronic respiratory disease emerged independently associated with 
a significant greater risk assessing community-dwelling individuals. 
Most of the analyzed comorbidities (eg, cancer, cardiac or respira-
tory disease, and diabetes) were related with an increased risk of 
COVID-19 in the unadjusted analysis (HRs greater than one), al-
though this association did not reach statistical significance after 

multivariable adjustment. There is general agreement about con-
sidering these conditions as major risk conditions related with poor 
prognosis in hospitalized COVID-19 patients2,3,18 but there is uncer-
tainty about assessing the role of these conditions to predispose for 
suffering infection.19

In the adjusted analyses, receiving ARBs was the unique co-
variable that appeared associated (marginally significant) with a 
decreased risk for COVID-19 infection, as in the total study cohort 
as well as in community-dwelling individuals and nursing home res-
idents. No other medication, neither anti-hypertensive nor other 
cardiovascular medication, was associated with an increased or de-
creased risk of COVID-19 in the multivariable analysis assessing the 
total study cohort.

If we consider the 3 performed multivariable-adjusted analyses 
(overall cohort, community-dwelling, and nursing home residents), 
we found that receiving diuretics (HRs ranging from 1.12 to 1.34) 
or calcium channel blockers (HRs ranging from 1.20 to 1.29) were 
related with a non-significant increased risk. In contrast, receiving 
ACEIs (HRs ranging between 0.72 and 0.90) and especially ARBs 
(HRs ranging between 0.53-0.71) were associated with non-signifi-
cant or nearly significant decreased risk, respectively. We note, how-
ever, that the number of cases was small and confidence intervals 
were wide, which makes possible interpretations difficult. There is 
some evidence suggesting that inhibiting the formation or blocking 
the action of angiotensin II could prevent acute respiratory distress 
syndrome and this finding would support a beneficial effect in pa-
tients with severe COVID-1920; however, a biological explanation for 
a reduced risk of infection is uncertain.

Concerns have been raised about the possible association be-
tween the use of RAAS inhibitors (mainly ACEIs and/or ARBs) with 
the risk of SARS-CoV-2 infection, the risk of severe COVID-19 among 
those infected, or the risk of in-hospital death among those with a 

F I G U R E  1   Kaplan-Meier curves 
(survival free of COVID-19 infection) 
comparing patients taking vs not taking 
angiotensin II receptor blockers (ARBs) 
treatment
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positive test.4,5,6 Several studies have concluded that there is no ev-
idence of poor outcomes (increased severity or in-hospital death) in 
patients infected with SARS-CoV-2 taking RAAS inhibitors.8,9,10 A 

recent review even concluded that ACEIs and ARBs may be associ-
ated with lower incidence and/or improved outcome in patients with 
lower respiratory tract infection,20 But there are not data assessing 

TA B L E  3   Cox regression unadjusted and multivariable-adjusted analyses estimating risk to suffer PCR-confirmed COVID-19 in the total 
study cohort (N = 34 936)

Characteristic

Cox regression analysis (n = 205 COVID-19 cases)

Unadjusted Adjusted

HR (95% CI) P value HR (95% CI) P value

Sociodemographical

Age 1.09 (1.08-1.11) <.001 1.03 (1.02-1.05) <.001

Sex

Women 1.36 (1.03-1.80) .029 0.83 (0.61-1.13) .229

Nursing home residence 38.07 (28.95-50.06) <.001 19.60 (13.80-27.84) <.001

Comorbidities

Neurological disease 5.44 (3.90-7.59) <.001 1.27 (0.88-1.83) .211

Renal disease 1.85 (1.31-2.63) .001 0.82 (0.57-1.20) .311

Cancer in past 5 y 1.44 (0.98-2.11) .061 1.08 (0.72-1.61) .721

Rheumatic disease 0.74 (0.18-2.97) .668 0.83 (0.20-3.47) .795

Respiratory disease 1.93 (1.37-2.71) <.001 1.39 (0.88-2.20) .161

Cardiac disease 1.75 (1.32-2.30) <.001 1.00 (0.73-1.36) .981

Atrial fibrillation 2.31 (1.61-3.31) <.001 0.99 (0.57-1.72) .975

Liver disease 0.80 (0.26-2.50) .700 0.94 (0.30-2.96) .910

Hypercholesterolemia 0.79 (0.60-1.04) .094 0.85 (0.63-1.14) .283

Diabetes 1.30 (0.97-1.73) .079 1.34 (0.85-2.11) .210

Smoking 0.42 (0.24-0.76) .004 0.81 (0.44-1.50) .497

Obesity 0.68 (0.50-0.91) .675 0.96 (0.71-1.31) .794

Chronic medications use

Diuretics 2.40 (1.81-3.17) <.001 1.22 (0.90-1.67) .205

Beta-blockers 1.08 (0.78-1.49) .648 0.97 (0.68-1.37) .844

ACEIs 0.77 (0.58-1.02) .068 0.83 (0.61-1.13) .238

ARBs 0.59 (0.41-0.86) .006 0.67 (0.44-1.01) .054

Calcium channel blockers 1.27 (0.91-1.77) .166 1.29 (0.91-1.82) .148

Statins 0.57 (0.41-0.79) .001 0.85 (0.58-1.25) .412

Insulin 1.77 (1.15-2.73) .010 1.15 (0.68-1.93) .602

Oral antidiabetic 0.85 (0.60-1.20) .348 0.78 (0.47-1.27) .316

Warfarin 1.79 (1.10-2.90) .019 1.22 (0.65-2.31) .533

New oral anticoagulant 1.71 (0.95-3.06) .073 1.09 (0.50-2.38) .824

Antiplatelet drugs 1.53 (1.12-2.08) .007 1.13 (0.78-1.64) .517

Inhaled respiratory therapy 1.91 (1.35-2.72) <.001 1.12 (0.70-1.80) .643

Antineoplastic agents 1.40 (0.66-2.98) .378 1.45 (0.65-3.26) .364

Corticosteroids 0.65 (0.21-2.03) .458 0.48 (0.15-1.55) .220

NSADs 0.40 (0.15-1.08) .071 0.91 (0.33-2.49) .856

Benzodiazepines 1.42 (1.05-1.93) .025 1.15 (0.84-1.58) .380

Antihistamines 0.31 (0.10-0.98) .046 0.39 (0.12-1.21) .103

Proton-Pump Inhibitors 1.83 (1.39-2.41) <.001 1.09 (0.80-1.50) .578

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CIs, confidence intervals; HRs, hazard ratios 
and were calculated for those who had the condition as compared who had not the condition; NSADs, non-steroidal anti-inflammatory drugs.
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specifically whether the previous use of RAAS inhibitors affects the 
likelihood of COVID-19 infection in ambulatory patients. While our 
results did not reach statistical significance (marginally significative 
for ARBs) and study interpretation needs to consider the potential 
for residual confounders, our data support that ambulatory use of 
RAAS inhibitors does not increase the susceptibility for COVID-19 
infection.

Our results are in accordance with data reported in two recent 
large population-based case-control studies conducted in Lombardy 
(Italy) and Madrid (Spain), where neither ACEIs nor ARBs were asso-
ciated with the likelihood of SARS-CoV-2 infection in hospitalized 
patients.8,9. As main difference, we included all PCR positive cases 
(hospitalized or outpatients). We also note that our study outcome 
is the occurrence of laboratory-confirmed COVID-19 infection and 
not COVID-19 severity, which difficult comparison between studies.

A large study conducted in New York (USA) aimed to estimate the 
association between the use of anti-hypertensive medications (con-
cretely, tiacidic diuretics, ACEIs, ARBs, beta-blockers, and calcium 
channel blockers) and the likelihood of a positive test for COVID-19 
did not find a significant association between the previous use of any 
of the analyzed anti-hypertensive drugs with a higher likelihood to 
tested positive for COVID-19.10 Another study has reported lower 
risk of all-cause mortality among COVID-19-hospitalized patients 
receiving RAAS inhibitors.21 Other studies have concluded that 
there is no clinical or experimental evidence supporting that ARBs 
and ACEIs either augment the susceptibility to SARS-CoV-2or aggra-
vate the severity and outcomes of COVID-19 at present.22 Indeed, 
a recent review has concluded that ACEIs and ARBs may be associ-
ated with lower incidence and/or improved outcome in patients with 
lower respiratory tract infections.20 Our data agree with the above 
mentioned studies and support the use of ACEIs/ARBs in hyperten-
sive ambulatory persons in the current COVID-19 pandemic.

Of note, in the present study, other cardiovascular medications 
(ie, statins, antiplatelet, warfarin, or other new oral anticoagulant 
drugs) used by hypertensive patients before exposure did not sig-
nificantly alter the risk of COVID-19 infection. Studies analyzing 
the influence of the use of these drugs and the COVID-19 infection 
are scarce and mostly are focused on interactions with antiviral 
therapy.23,24

Major strengths of this study were its population-based design 
and the use of multivariable analysis methods (Cox regression) to 
accurately estimate possible relationships between PCR-confirmed 
COVID-19 and common cardiovascular medications. Main limita-
tions are related with its observational nature and retrospective 
design. Unfortunately, the availability of PCR testing was scarce in 
the study area across the study period. Obviously, selection bias 
may not be excluded considering that PCR testing was not rou-
tinely performed on all hypertensive patients. We made subgroup 
analysis (community-dwelling/nursing home) and multivariable ad-
justments but, as all observational studies, a residual confounding 
in risk estimates may not be completely excluded. Although we 
adjusted for many baseline potential confounding factors in our 

multivariable analyses, other potentially important confounders 
(eg, epidemiological, socio-economical, or work-related factors) 
have not been considered because they were unavailable for us 
at present. Of note, COVID-19 cases presented in this report are 
those occurring in patients with positive for SARS-CoV-2 RT by 
PCR, independently from pre-existing symptoms. We do not have 
data about clinical course (hospitalization/ICU admission or death), 
and consequently, the study was not able to assess the degree of 
severity of the cases. Despite the large size of the study cohort, 
the present study includes relatively few events (n = 205) which 
limits statistical power, especially in subgroup analysis. The study 
was conducted in a single geographical setting and logically spe-
cific incidence data may not be directly extrapolated to other geo-
graphical regions with distinct epidemic conditions. Nevertheless, 
adjusted risk estimates may be helpful to better characterize risk 
profile of suffering COVID-19 infection (independently of the se-
verity) in hypertensive ambulatory patients in relation with com-
mon anti-hypertensive medications (ie, diuretics, beta-blockers, 
ACEIs, ARBs, calcium channel blockers) adjusted for major concom-
itant comorbidities/underlying conditions.

In conclusion, increasing age and nursing home residence appear 
as major conditions related to a higher risk of suffering COVID-19 
infection among hypertensive people. Our data support the fact 
that receiving RAAS inhibitors does not increase the risk of suffer-
ing SARS-COV-2 infection among middle-aged and older adults with 
hypertension. Receiving ARBs was related with a reduced risk, al-
though it must be emphasized that statistical significance for benefit 
of ARBs was not achieved and caution is needed to interpret this re-
sult. Other anti-hypertensive (diuretics, beta-blockers, and calcium 
channel blockers) or cardiovascular medications (oral anticoagulant, 
antiplatelet, and statins) did not significantly alter COVID-19 infec-
tion risk in community-dwelling and/or nursing home residents with 
hypertension. Data support maintaining RAAS inhibitors (even pri-
oritizing them) to treat hypertensive patients in the current era of 
COVID-19 global pandemic, as experts and scientific societies have 
recommended.25,26,27,28
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